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Abstract 
Czechoslovak productive efficiency of the iron and steel sector fluctuated below the energy efficiency frontier. Until 
early 1970s, the country’s iron sector was one of the least efficient ones in our sample. It was, however, during the 
decades of 1970s and 1980s that efficiency measures were adopted and the energy efficiency of the Czechoslovak 
iron and steel sector increased significantly to, despite of a priori expectations, reach the energy efficiency frontier. 
Empirical results for other planned economies show similar development of catching-up to the market economies, 
particularly in the iron production sector. Central-planning was thus able to achieve satisfactory productivity 
increases, primarily driven by efficiency enhancements and in spite of the slow adoption of new technology.    
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1. Introduction 
The structure of energy use in a centrally-planned economy differed significantly from other Western 
countries and is often referred to as wasteful and polluting. The negative institutional impact and 
particularly the inefficient centralized allocation of resources has become a mere statement in the research 
field. Historically, there has been a fair deal of anecdotal evidence on the misallocation of resources 
during the communist era in Czechoslovakia; however there is little quantitative evidence on the actual 
“magnitude of the losses resulting from the improper allocation of resources under central planning” [1]. 
Previous studies on productive efficiency under various political regimes show that market economies 
were much more efficient in their allocation of resources though the studies commonly research the 
overall economy [2]. Based on Carlin et al (2013) planning is detrimental to industrial efficiency via two 
 
* Corresponding author. Tel.: +46462220367. 
E-mail address: hana.nielsen@ekh.lu.se 
Available online at www.sciencedirect.com
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute
2780   Hana Nielsen /  Energy Procedia  75 ( 2015 )  2779 – 2784 
mechanisms. First, it slows down adoption of new technology while at the same time keeping inefficient 
processes in place [3]. Second, the system is also characteristic of inefficient resource allocation. The 
steel sector has been historically an important industrial branch in Czechoslovakia, but it was mainly after 
1948, that the country (as the most industrialized country of the newly established COMECON) became 
the machine shop of Eastern Europe. Previous research has shown an East-West gradient in respect to 
new technology diffusion and scaling of the sector [4]. At the same time, energy use of the sector, as in 
many Western countries, was significant but little is known about the actual energy efficiency, 
particularly prior to 1990s. It is the thus the aim of this paper to shed more light on the actual energy 
productivity of the Czechoslovak steel sector in relation to other major steel producing countries and to 
compare the productive efficiency of the sector under capitalism and state socialism.  
2. Methodology 
2.1. Data Envelopment Analysis 
The basic  idea of productive efficiency analysis is to make a comparison between steel sectors in various 
countries (the decision making units or the ‘DMU’) in order to assess how resources (here energy and 
primary raw materials) are used to produce final product – the iron and steel [5]. The level of efficiency is 
then measured as the distance of each country (DMU) to the estimated efficiency frontier which is 
represented by a country or countries utilizing the least amounts of energy and materials to produce the 
same volumes of steel.  
 
The actual estimation of the distance to the frontier is calculated with a linear modelling approach, the 
data envelopment analysis (DEA). Based on [6], the basic DEA model is as follows: 
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In the DEA the efficiency frontier is the maximum of a ratio of weighted (u) outputs y (‘000 tons of steel 
or iron) to weighted (v) inputs x (energy in TJ, iron ore in ‘000 tons etc) in the whole sample. The 
efficiency frontier then takes the value of unity while other DMUs (read other steel producing countries) 
take values from 0 to unity (<=1), with unity being at the efficiency frontier (thus using the energy and 
material inputs in the most efficient ways) [6]. The fundamental assumption behind this approach is that if 
one country is able to produce volumes y with the energy input x then the other countries should be able 
to do the same if they were to operate efficiently. Importantly, DEA allows for models with variable 
returns to scale (VRS) which is particularly the case of the iron and steel sector[7]. In models with 
variable returns to scale, the change in the output is not proportional to the change in input. Figure 1 
illustrates the difference between both approaches applied to the sample of steel producing countries. 
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Figure 1. The relationship between 
energy use and steel production 
(1973-2003), panel of 18 major 
steel producing countries (upper) 
and the same panel of countries 
excluding USA and Japan (bottom) 
 
 
 
 
 
 
 
 
 
Note. Each dot represents the steel sector 
of individual country. Red line refers to 
average trend. Blue dotted line here 
illustrates the efficiency frontier by taking 
into account variable returns to scale 
(VRS). Black line shows a hypothetical 
example of efficiency frontier with 
constant returns to scale.  
Source. [8]–[10] 
2.2. Data 
For the purposes of this study, data on energy and material consumption in the iron and steel sector 
were collected for over 20 countries in three separate annual observations (1973, 1980, and 1990). 
Though, missing observations were an issue and not all countries could be included in the final analysis. 
The sources of energy data (coke and other energy) are mainly from the IEA Extended Energy Balances 
[9], material use data (iron ore and scrap) from the respective  World Steel Yearbooks [10] and finally 
iron and steel production is based on the data from the UNIDO database [8]. As with other statistical data, 
possible errors and data mismanagement by respective national offices need to be considered.   
3. Results 
By combining all countries in our sample, the data envelopment analysis (DEA) allows to calculate 
productivity efficiency scores identifying the most efficient steel producing countries and to benchmark 
Czechoslovakian steel sector and other countries with central planning accordingly. The empirical 
analysis is carried out for 14 market economies and 7 planned economies.  First for the production of iron 
two major inputs of the iron sector were considered – the domestic consumption of coke and iron ore. 
Initially in 1973 there were six countries whose iron sector scored at the efficiency frontier, out of which 
five were countries with market economy. These countries were able to produce the most amounts of iron 
based on the quantities of their production inputs. Figure 2 show the efficiency scores for individual 
countries as well as group averages. The production of iron in Czechoslovakia, scores low below 70 
percent efficiency level in 1973. Thus, in other words, with the given amounts of inputs the 
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Czechoslovakian iron sector produced only some 70 percent of the maximum efficiency output. Moreover, 
the mean efficiency score for the countries with planned economies was 68 percent as opposed to over 87 
percent in market economies. By 1990, however, the technical efficiency of iron production in planned 
economies improved significantly as the group scores at 82 percent, though still below the average for 
market economies. Although rarely researched, it is the iron sector which accounts for the largest share of 
energy consumption in the final production of steel[11]. At the same time, as opposed to the production of 
steel, the pig iron production process was more homogenous across various countries and regions and 
allows for a better cross-country comparison. It was thus the productive efficiency improvements 
recorded among the planned economies, which had the most profound impact on the efficiency of the 
overall sector in the region. Moreover, preliminary analysis showed that efficiency change was likely the 
major driver of this development rather than technological change[4]. The industry was thus able to lower 
its energy and material consumption of the existing technology.  
 
The production of steel changed fundamentally since late 1950s with three major production routes – the 
modern basic oxygen furnaces (BOF) quickly gaining shares in the West, the traditional open-hearth 
furnaces (OH) still dominating most of the Eastern economies and the recycling electric arc furnaces 
(EAF). Despite the various production routes with rather different energy consumption patterns, the 
results of the DEA for the production of steel shows some interesting results. By taking into account three 
major inputs (iron, energy and scrap) to produce steel, the productive efficiency within the sample of 
market and planned economies did not show any significant differences. In fact, already in 1973 
Czechoslovakia scored at the efficiency frontier, on par with countries such as Austria and Sweden.  
 
Figure 2. Productive efficiency 
estimates in the iron and steel 
production, by country and 
year  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. Efficiency scores estimated by 
the DEA. The index takes a value of 
1,000 if the country is on the 
constructed efficiency frontier. For 
other countries the efficiency index is 
then less than 1,000 and indicates some 
degree of inefficiency. 
*1989 data  
 
The implication of these results to some extent contradicts the expectations given the slow adoption of 
new BOF technology in Czechoslovakia and other planned economies. On the other hand, the record high 
scrap utilization in the existing OH furnaces is likely to be the major driver behind the high efficiency 
Country 
Iron production Steel production 
1973 1980 1990 1973 1980 1990
Austria 1,000 0,805 0,788 1,000 0,989 1,000
Belgium 0,816 0,972 0,788 1,000 1,000 1,000
Canada 0,903 0,961 0,902 0,874 0,955 0,908
France na 1,000 0,868 0,936 0,949 0,904
Italy 0,854 1,000 0,891 1,000 1,000 1,000
Japan 1,000 1,000 1,000 0,979 1,000 1,000
Luxembourg 0,385 0,677 0,727 na 1,000 0,944
Netherlands na na 1,000 0,952 1,000 1,000
Norway 1,000 na 1,000 1,000 na 1,000
Spain 0,772 0,830 0,879 0,918 0,951 1,000
Sweden 1,000 0,996 1,000 1,000 1,000 0,973
Switzerland 1,000 na na na na 1,000
United Kingdom 0,745 0,956 0,914 0,906 0,957 1,000
United States 1,000 1,000 1,000 1,000 1,000 1,000
 Average market 
economies 0,873 0,927 0,904 0,964 0,983 0,981
Bulgaria 0,522 0,847 0,495 na na 0,804
Romania 0,543 0,747 0,758 na na 0,989
China 0,622 0,842 0,482 na na 1,000
Poland 1,000 1,000 1,000* 0,929 0,936 1,000
USSR na 1,000 1,000 1,000 1,000 1,000
Hungary 0,711 1,000 1,000 0,960 1,000 0,961
Czechoslovakia 0,696 0,837 1,000* 1,000 1,000 0,971
 Average planned 
economies 0,682 0,896 0,819 0,972 0,984 0,961
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scores of the steel production. In fact, some argue that the ‘scrap process’ OH operations found only in 
Eastern Europe could utilize as much scrap as conventional EAF[12]. Centrally planned economies were 
always concerned with material conservation; however, following the oil shocks of 1970s, this has further 
intensified. Not only in Czechoslovakia, but also in other centrally planned economies such as East 
Germany and USSR, comprehensive conservation (rationalization) programs were adopted. In 
Czechoslovakia and East Germany, “reductions in the material intensity of industrial output have become 
a crucial element of intensive, resource efficient industrial development strategies“ [13]. In this respect, 
action was taken in regards not only to energy and material savings, but also industrial recycling. 
 
4. Conclusion 
Previous studies on technology diffusion and the East-West gradient have shown mixed results on its 
impact on productivity. Although, generally the planning system is seen as detrimental to economic 
growth by slowing down new technology adoption and leading to inefficient resource allocation, several 
sources identified some form of growth-enhancing mechanisms.  
 
Within this empirical study, the focus was on the developments of productive efficiency in the iron and 
steel sectors between market and planned economies†. What the evidence shows, however, is an energy 
efficiency of the steel sector in planned economies comparable to that of the market economies and 
importantly gradual efficiency improvements within the period of central planning in the production of 
pig iron. Therefore, the existence of central planning system did not show any significant negative 
impacts on the way energy and materials were used in steel manufacturing. This partially distorts the 
image of inefficient and wasteful nature of centrally planned economies, but at the same time conforms to 
previous findings on certain positive impact of central planning on labor productivity[14].  
 
However, one has to bear in mind that energy efficiency here is only a relative measure and therefore 
does not necessarily translate into any environmental relief. With the growing global steel production 
over the last decades, the energy and material consumption of the sector only increased in absolute terms.     
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